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WIHD-TUNNEL TESTS OF SEVERAL FORMS OF FIXED WING SLOT 
IN COMBINATION WITH A SLOTTED FLAP ON AN 
N.A.C.A. 23012 AIRFOIL 
By M, J. Bamber 



SUMMARY 



Several forms of fixed wing slot in a large-chord 
N.A.C.A. 23012 airfoil were tested in the closed-throat 
7- "by 10-foot wind tunnel. The airfoil extended com- 
pletely across the test section so that two-dimensional 
flow was approximated. The model was fitted with a full- 
span slotted flap having a chord 25.66 percent of the air- 
foil chord. The slots extended over the entire wing span. 
The wing-slot location was varied along the chord and 
several variations of slot gap and width were tested at 
each location. 

The data are presented in the form of tables of im- 
portant aerodynamic characteristics for each slot tested 
and as curves of section lift, profile-drag, and pitch- 
ing-moment coefficients. The relative air velocity 
through the slot is given. 

A slot as far "back on the airfoil as the 55— percent- 
chord point, with the flap deflected 40°, was practically 
ineffective for increasing either the maximum lift coeffi- 
cient or the angle of attack for maximum lift. A slot 
near the leading edge of the airfoil, with the flap de- 
flected 0° , increased the maximum lift coefficient by 0.65, 
the maximum angle of attack by 11°, and the minimum pro- 
file-drag coefficient by 0.012. With the flap deflected 
40°, this nose slot increased the maximum lift coefficient 
by 0.40 and the maximum angle of attack by 10°. 
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INTRODUCTION 



If the. stalling of the wing tips of highly tapered 
wings can he delayed to a higher angle of attack than 
that of the center section, the lateral stability and the 
useful maximum lift coefficient of - the wing will he great- 
ly improved. Various methods have "been used to make the 
tips of the wing stall after the center section. Some of 
these methods are: changing the airfoil section along the 
span, washout at the wing tips, and either fixed or mova- 
ble wing slots. If a change in th« airfoil section along 
the span and washout are to he effective in delaying the 
tip stall with highly tapered wings, they will probably 
give poor aerodynamic characteristics in the high-speed 
and the climbing ranges. Leading-edge slots over the tip 
portion of the wing appear to give the most practical so- 
lution of the problem because tho'y havo little effect on 
the span lift . distribution for the high-speed and the 
climbing ranges. Movable slots give a large increase in 
the angle of attack for the stall and an increase in the 
maximum lift coefficient. Fixed slots give about the 
same increases in the maximum angle of attack and the max- 
imum lift coefficient as the movable slots, but they con- 
siderably increase tho minimum drag coefficient (refer- 
ences 1 and 2). The fixed slots, however, are simpler to 
construct and are less likely to give operational troubles 
than the movablo slots. 

The purpose of this investigation was to determine 
the effect of some fixed-slot parameters on tho aoro.dynam~ 
ic characteristics of an N.A.O.A. 23012 wing with a slot- 
ted flap. One of the slottod-f lap arrangements reported 
in reference 3 was used because' that arrangement appears 
to be ono of tho most promising high-lift dovices dovol- 
opod up to the. present time. The slots woro varied in po- 
sition along the chord, in gap, and in. width. Tho data 
given in referencos 1 and 2 for a Clark Y section were 
used in choosing the slot, forms and tho slot locations. 



APPARATUS AND TESTS 

The airfoil was built to the N.A.C.A. 23012 profile 
with wooden flap_and flap-slot forms. The intermediate 
section of ribs was covered with tempered waterproofed 
wallboard, and the slot forms were made of wood and metal. 
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The model has a 5~foot chord and a 7— foot span. The 
chord of the full-span flap is 0.2566c w . The airfoil pro- 
file, the dimensions of the flap and the flap slot, and 
the locations of the flap nose when the flap is deflected 
are given in figure 1. Figures 2, 3, 4, and 5 show the 
fixed-slot arrangements with their locations and dimen- 
sions. The full-span slots were designed to give syste- 
matic variations in gap and width for slat chords of 
0.55c w , 0.205c w , and 0.129c w for one slot. The other 
slots were obtained by combinations of slat and slot forms. 

The model, completely spanned the closed test section 
of the wind tunnel so that two—dimensional flow was prac- 
tically attained. (Sec roforence 3.) 

The velocity of the air flow through the slot was 
measured by two l/l6-inch~diameter impact tubes located 
in the smallest part of the slot, one on each side and 
about one— fourth of the gap from the sides of the slot; 
the static reference pressure was obtained with a 1/16- 
inch static tube in the middle of the slot and on a lino 
with the impact openings. For part of the tests, tufts 
were placed on the upper surface rf the airfoil to show 
the nature of the air flow- 

A dynamic pressure of 16.37 pounds per square foot 
was maintained for all tests, corresponding to an air 
speed of about 80 miles per hour and to an average test 
Reynolds Number of 2., 190 . 000 . Measurements of lift, drag, 
pitching moment, and dynamic pressure of the air in the 
slot were made for a complete range of angles of attack 
up to the stall for flap deflections of 0° and 40°. 



RESULTS 



The airfoil section coefficients are given in stand- 
ard nondimensional coefficient form as follows: 

, section lift coefficient, l/qc^. 

°<i o » section profile-drag coefficient, d Q / q_G^, 

c . , section p itching-moment coefficient about 

^ a,c *) 0 aerodynamic center of airfoil "'with flap 

neutral, m 0 /qc w 2 . 
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where I is section lift. 

d 0 , section profile drag. 

m 0 , section pitching moment (about aerodynamic 
center ) , 

q., dynamic pressure, i p T s . 

c ff , airfoil chord including flap at S £ = 0°. 

and a Q is section angle of attack, deg. 

5£, deflection of flap, deg. 

V 0 , average velocity obtained with the two impact 
tubes in the slot. 

V, tunnel-air velocity. 

p, air density. 

Experimental errors in the results presented in this 
report are believed to bo within tho following limits: 

c l - - - - - ± 0.02 (near maximum lift) 

c do ----- ±0.0003 (minimum drag with 8 f = 0°) 

a m . . ----- ±0.0005 

"(a. c. ) Q 

a Q ±0.1° 

a at c 7 - - - 1.0° to 0° (i.e., a„ may be 1.0° 

higher. than given). 

v 0 /v ±o,i 

8 f ±0.5° 



No tests were made to determine the effect of flap or 

slat support fittings. The lift and the drag coefficients 

have been corrected for tunnel-wall effects, as oxplained 
in reference 3« 

The section, characteristics of the airfoil with the 
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slotted flap deflected 0° .and 4-0° with no Blot and with 
several of the fixed slots are given as ourves of c& Q , 

c m . , a 0 , and V D /V plotted against c, in fig- 

nres 6 to 11. These .curves are given to show the general 
variations in the aerodynamic charactferistlcs produced by 
the fixed slots. The characteristics of the "basic wing 
with no flaps nor slots have "been given in reference 3 and 
are included in figure 6 for comparison with the data of 
the wing with slotted flaps..- • 

Figures 2, 4, and"5 included tables of important air- 
foil section characteristics for all slots tested. The 

characteristics given are: c a ' at'ci = 0.3 and 1.0 

o 

with the flap deflected 0° , and a/fc c x = 1.5 and 2.C 

with the flap deflected 40°;- c 7 • ;' a n at ci and 

• vm&-x. u "max; 

J'lax 

~~~ for "both flap deflections. 

c d (at- ci = 0>3.) .. . ' 

o ■ — 



DISCTJSS.ION 



Slots at the 0.55 -c w Location 



The slots tested at 0.55 c w were practically ineffec 

tive for increasing c? or a ft at ci , especially 

"max D . "max 

with the flap deflected 409 (figa. 2, 6-, and 7). The aero 

dynamic characteri.sti.es of these slots did not vary in the 

same manner with changes'in' slot parameters as "did the 

slots near the leading edge of the ai.-r.foil; the following 

discussion will therefore "be devoted to the slot positions 

near the leading edge of the airfoil. 

Slots Near the Leading Edge of the Airfoil 

c l nas: -~ There appears' to be little difference in the 

values of c 7 obtained with any of the three slat 

" max 

chords when all the slot parameters are taken into consid- 
eration. The maximum values of ci , however, were ob- 

tained with a slat chord of 0.165 c v (figs. 4 and 5). The 

values of c<» increase as the gap increases "but, for 

"max 
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gaps greater than about 0.04c w , the increases are small. 

Variations in other slot parameters, provided that the 

ratio of gap to. width is less than about 0.6, appear to 

hare little effect on c 7 

"max 

a 0 at cn .- The variation in a a at c 7 with 
_J5ax - ''max 

slot position is shown in figures 12 and 13. The maximum 
values of <x 0 were obtained with slat chords of 0.165c w 

and 0.129c w . For the 0.129c w slat, the values of a Q de- 
pended largely upon the gap; for 0.1650^. and wider slats, 

slat chord had the greatest effect although the higher. an- 
gles were generally obtained with the larger gaps. Varia- 
tions in the other slot parameters, provided that the gap- 
width ratio was less than about 0.6, appeared to have lit- 
tle effect on a~ at cn . 

° ''max 

c d 0 *°l ~ °» 3 )'~ The values of c^ (at c^ = 

0.3) are given in the tables of figures 4 and 5 because 
they are representative of the high-speed condition with 
fixed slots. (See figs. 8 and 10.) 

For slots with a sharp Ipwer edge on the slat, the 
gap 0.02c w and larger, and the width 0.05c w and larger 
(slots for which the polars were similar to those given 
in fig. 10), the values of c d (at c^ = 0.3) are given 

by a simple expression to an accuracy nearly within that 
of the test results. The relation is 



c 



d 



o 



(at c l = 0.3) c 0.0119 + Q. 36 X gap + 0.125 (K - width) 

where 0.0119 is the oa of the airfoil without- -slot s . 

a o 

0.36 and 0.125 are constants. 

Gap and width are in fractions of the airfoil chord. 
K is a constant for each slat. 
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The values of E are.: . 



Slat chord 
(fraction c w ) 


Cut-off 
(fraction, c w ). _ 


K 


0.205 


0.05 


0.102 


.165 


.05 '" \ * 


.106 


.165 , 


. 03 . ; . .: 


.130 


.129 


.0091 


.102 



The equation shows that the value of c a " (at c-i = 

■ - 0 . - - 
0.3) increases directly with tho gap. and decreases di- 
rectly as the width increases from a width of ahout 0.05c w . 
A change in cut-off .(0.05c w to 0'. 03c w . with the 0.165c w 

slat chord) shows a difference in K ' o.f.0.022- t which is 
practically the same as the difference in cut-off, 0.02c w . 

This result indicates that the effect of cut-off on Cj 

- tt o 

(at c-^ = 0.3) is small, provided that the slat chord and 
tho roar part of tho slot form arc the same. 

IPor the slots with small gaps or widths, the computed 
values of c fl (at c-j =0.3) are always greater than 

the measured values. Other factors remaining equal* the 
values of ■ C£ q (at c \ = 0.3) increase with slet width 

up to c: width of ahqut; 0.04c w and, for larger widths, 

c, decreases according to the preceding expression. 
0 

, . maX r— r»- Tho ratio c t /o a . 

c^ (at c-^ = 0.3) ''max a o m i n 

has "been given as a speed-range criterion, which is con- 
venient for the comparison of the over-all efficiency of 
airfoils- There appears to ho no consistent variation of 
this ratio witH slot parameters' and'Tt is always" loss than 
for the wing without slots. Figures 14 and 15 give the 

c l 

variations of 7 — - ma ^ : - s with tho gan-width ratio 

c 4q (at c-^ = 0.3) . ■ & ■ — ■ 
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for all the slota tested and indicate that tho over-all 
efficiency of tho airfoil improves as the gap bocomos small- 
er or as tho width "becomes larger. 



Effo-ct of Sounding Lower Edge of Slot 

For the slot at the 0.55c w position, rounding the 
lower edge of the slat increased the value of cj (at 

c^ = 0.3). (See fig. 2.) Rounding the lower edge of the 
0.165c w slat decreased c^ for values of above 0.2. 

(See figs. 5 and 10.) For the few cases tried, the reduc- 
tion in c^ is very similar to that obtained "by increas- 
ing the slot width with the sharp-edge slats. ' Hounding 
the lower edge of the slat to radii of 0.03c w and 0.04c w 

increased "both c, and a. Q at c-, . Raising the 

max max 

leading edge of the nose increased the value of c A (at 

o 

c^ = 0.3) with practically no change in the other aerody- 
namic characteristics. 

Air Plow Over the Upper Surface of the Airfoil 



For all th-e slots tested with slat chords of Q.55c w 

and 0.12.90^, the air flow both ahead of and "behind tho 

slot changed from smooth to "burbled flow at the Sama time. 
With the 0.165c w and 0.205c w slats, tho tufts showed that 

the flow reversed over the rear part of the slat 2° or 3° 
before it did over the rest of the upper surface of tho 
airfoil. 

Usually c, was obtained just "before tho air flow 

1 max 

over the entire wing changed from smooth to "burbled flow. 
In some cases, however, c 7 was obtained 2° or 3° be- 

''max 

fore the tufts indicated reversal of air flow over the 
wing and the flap. For those cases, there probably was a 
very thick slow-moving boundary layer or actual rovorsal 
of flow far enough above tho wing surface so that tho 
tufts were not affected. 
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Those observations tend to "boar out the indications 
of the force measurements, that higher maximum values of 
c, and a. at c, would ho ohtainod with a slat 

b 0 ''mas 

which would not stall heforo the rest of the wing. This 
conclusion indicates that a slat chord less tnan" 0.165 
and greater than 0.129c w would ho the most effective. 

General Remarks 



From the results obtained, it appears that a slat 
chord of about 0.15c w and a gap of less than 0.040^ would - 

give the most practical arrangement for c, and for 

''max 

maximum angles of attack at c- . With this slot, a - 

"max 

width of about 0.07c w or larger and a radius of about 
0,04c w for the lower edge of the slat would give the low- 
est values of c fl (at c. = 0.3). 

a o 1/ 

It is believed that tho best slat— chord and slot— gap 
ranges for the N.A.C.A. 23012 airfoil have boon ""covered in 
this investigation. Larger slot widths and bettor shaped 
lower-surface slot openings than were coverod in this in- 
vestigation would probably reduce the drag coefficient. 



for 



This type of slot is likely to be used principally 
lateral stability at high angles of attack bocausp of 

c l 

tho low values of 7 — — — r • Eor lateral sta- 

c^ (at c^ = 0.3) 

bility, the slot would extend over only the outer portion 
of the wings and the gap would be large enough to give on- 
ly the necessary increase in angle ©f attack required" be- 
cause , with the better slot shapes, the value of (at 

c-^ = 0.3) when 8 f = 0° increases nearly as a straight- 
line variation with ct„ at c? when 6^ =* 40°. 

0 ''max 1 — 

If it is assumed that the maximum useful angle of at- 
tack is limited to 2° or 3° below that at which the "tips 
stall and that a fixed slot is used over the outer 'part of 
the wing, an appreciable reduction in wing area might be 
realized for the same low spoed and thero might bo a pos- 
sible increase in the high speed of the airplane. 
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CONCLUSIONS 



For the range of fixed-slot variables investigated, 
the ' following conclusions may he drawn for an N.A.C.A. 
23012 airfoil with a slotted flap: 

1. The slat chord and the slot gap and width are the 
only slot parameters that have appreciable effects on 

c, or on a, 0 at ci 

nax max 

2. A slat chord of about 0.15c w would probably bo 

the most effective for increasing c. and a 0 at 

~ ''max 

7 

''max 

3. A slot gap of 0.03c w or 0.04c w is aoout as large 

as is practicable for use with a fixed slot because, for 

larger gaps, the values of c* ' show a much greater pro- 

a o 

portional Increase than do the values of c, or a Q 

at c, . maX 

max 

4. The. gap-width ratio, provided that it is Iosb 
than 0.6, has lit-tle effect on ct or a_ at ci 

''max ° u max 

with the flap deflected 40°. 

5. The value of c, with & f = 0° increases with 

d 0 1 • 

the gap and the width up to a width of about 0.04c w . For 
widths of about 0.05c w and greater, the c^ decreases as 

the width increases. Other factors being equal, decreas- 
ing the cut-off increased c fl with 8- = 0°. 

a o 1 . 

5. Hounding the lower edge of the slat (0.165c w slat, 

0.05c w cut-off) reduced the c, throughout the normal 

a o 

flying range, and a radius of 0.030^. and larger Increased 

both c, - and a_ at c, 

b max u max 

7. The value of the ratio ■ — — ITT waa 

c, (at c, = 0.3) 
a 0 1/ 
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always less than that for the wing with no slot and it de- 
creased as the gap-width ratio increased. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Ta., November 21, 1938. 
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Figure 2.- Cross- sectional view and. aerodynamic cha.ra.ct eristics 
of an N-fl-C.fi. 230I2. a.irfoi\ with fixed, slot. Slat Chord, 
0.55c„>. 
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Figure 4-— Aero dynamic characteristics ofi/ife z3oiz nirfoit with 

fix.e<L slots. Slat chiOr-dLSf 0.i?1c w , s-ztic^j ant o.iafc„. 
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Figure 5.— Cross- sectioned v\e\M ana. aerodynamic characteristic* 
of -the N.fl.Cfi. Z30iz o-lrfoil with fixed slot. Sla-t ohord, 
o.iutc w ; rounded, lower edge. 
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